Introduction
============

Among the auditory evoked potentials, there are long latency potentials, also called cortical and/or cognitive potentials, that evaluate the neuroelectric activity in the cerebral cortex, in response to an acoustic or electrical stimulus. [@JR0923or-1] [@JR0923or-2] These potentials are most commonly used to evaluate auditory abilities objectively. [@JR0923or-3] [@JR0923or-4] [@JR0923or-5]

The long latency auditory evoked potential (LLAEP) record shows a sequence of negative (N) and positive (P) peaks, among which are the potential P1-N1-P2-N2-P300 and mismatch negativity (MMN). The P1-N1-P2 complex represent the cortical potentials and provide information on the arrival on the auditory stimuli to the cortex. [@BR0923or-6] The potential N2 is considered a mixed potential, and the P300, a cognitive potential that depends on the attention of the subject to be elicited. [@BR0923or-7]

The MMN is a LLAEP represented by a negative wave generated after the potential N1 and visualized in a resulting wave. [@BR0923or-8] This potential is elicited passively, and it is not necessary for the individual to pay attention to the sound stimuli; [@JR0923or-9] [@JR0923or-10] it arises when the cortex automatically discriminates between two different sound stimuli, based on their already acquired sound memory. [@JR0923or-11] [@JR0923or-12] [@JR0923or-13]

This potential has its main origin in the auditory cortex, but depending on the characteristics of the stimuli used, it can be generated in different places of the cortex, [@JR0923or-12] [@BR0923or-14] [@JR0923or-15] or in the frontal cortex, thalamus, and hippocampus. [@JR0923or-16] Mismatch negativity elicited by stimuli that differ in frequency can be generated in the temporal and frontal lobes, especially in the right hemisphere. [@BR0923or-14] The MMN elicited by verbal stimuli originates in the left hemisphere of the temporal cortex. [@JR0923or-17]

Mismatch negativity is a good tool to perform an objective evaluation in patients with difficulty or impairment in communication, or those whose auditory discrimination is under investigation. [@JR0923or-18] When using verbal stimuli in an evaluation, for example, this potential may complement the behavioral evaluation that may not be sufficient in some cases for cognitive or linguistic reasons, as they provide additional information about the biological processes involved in speech processing. In addition, this information may direct the rehabilitation and therapeutic follow-up of the individual. [@JR0923or-19] [@JR0923or-20]

However, Brazilian researchers rarely use this potential, further reducing their chances of participating in clinical evaluation, which may be due to the fact that it is a potential with a certain "difficulty" to be analyzed, considering the parameters of registration, equipment and age of the evaluated individuals, this may cause a variation in the identification of the valley. Therefore, there is a need for better details of both the recording parameters and stimuli, as well as the potential marking technique, which is little explored in the studies already performed. Therefore, the objective of this study is to identify the time of occurrence of MMN after N1, elicited with verbal and nonverbal stimuli.

Method
======

This is an observational and descriptive study, with a convenience sample, which was approved by the Human Research Ethics Committee, under the number CAAE 54827416.5.0000.5346. The study followed the principles of beneficence established through resolutions 466/12 [@OR0923or-21] and 510/16. [@OR0923or-22] All individuals invited to participate in the study were informed about the procedures and, after acceptance, all of them signed the informed consent form.

Adult subjects aged between 18 and 59 years old of both genders were invited to participate in this research. This population was chosen because there are not many studies on the parameters of MMN in this age group in the SmartEP equipment (Intelligent Hearing Systems, Miami, FL, USA) yet. Also, we chose not to divide the sample into different age groups, since, according to one study, [@JR0923or-23] which compared adult individuals aged between 18 and 24 years with elderly individuals between 60 and 80 years, there was no difference in the latency and amplitude of MMN for these age groups. Another study, [@JR0923or-24] that evaluated individuals aged between 18 and 80 years, only observed a decrease in amplitude with increasing age. However, the authors evaluated a group of more advanced age than that of the group in the current study, which could justify this result. These facts allow the justification of non-segregation of the sample in the current study in different age groups.

To participate in the survey, volunteers should meet the following eligibility criteria: auditory thresholds up to 25 dBHL in frequencies from 250 to 8,000 Hz bilaterally; minimum of eight years of schooling (complete elementary education); have no external and middle ear alterations identified by tympanometry; have no history of head injury and/or stroke; did not have evident neurological or psychiatric alterations and presented values of normality in the dichotic sentence identification (DSI) test, [@JR0923or-25] which served as a screening for auditory processing alterations.

Therefore, all subjects first underwent audiological anamnesis, visual inspection of the external auditory meatus, pure tone audiometry, speech audiometry, acoustic immittance measures and DSI, and those who fulfilled the study criteria, performed, finally, the MMN with two different stimuli (verbal and nonverbal). Based on these evaluations, the sample comprised 90 subjects aged between 18 and 56 years old, with 39 being male and 51 being female.

The pure tone audiometry, the speech audiometry and the DSI were performed in an acoustically treated cabin, using Telephonics brand earphones TDH-39P (Telephonics, Farmingdale, NY, USA), and Otometrics brand audiometer Itera II model (Natus Medical Inc., Schaumburg, IL, USA). For the acoustic immittance measures, an Interacoustics brand immittanciometer AT 235 model (Interacoustics, Middelfart, Denmark) was used, and only those individuals who presented tympanometric curve of type "A" were admitted. [@JR0923or-26]

The MMN potential was performed with the two channel SmartEP equipment (Intelligent Hearing Systems), following a record protocol suggested by the literature [@BR0923or-8] in LLAEP measurement equipment, regarding the type of paradigm (oddball); contrast of frequency stimuli (750 Hz and 1,000 Hz); probability of occurrence of rare stimuli (20%); number of different stimuli on average (minimum of 150); filters (1--30 Hz); type of stimulation (binaural via insertion earphones); condition of the subject during recording (seated, watching a subtitled movie without sound), and recording window (512 ms with 50 ms prior to stimulation). This prestimulation is suggested by some authors to make a measurement of the noise level before the beginning of the stimulation and also for the formation of the baseline. [@JR0923or-27] [@JR0923or-28] [@JR0923or-29]

The electrodes were positioned in the participants according to the standards of the International Electrode System 10--20. [@JR0923or-30] In the Fz position, the active electrode; in Fpz, the ground electrode and in the right and left mastoid the reference electrodes. The impedance was maintained at a level equal to or less than 3 kOhms.

Before placing the electrodes, the skin was cleansed with the aid of an exfoliating gel, and an electrolytic paste was used for the placement of the electrodes, which were fixed with micropore tape in the indicated regions. The participants were instructed to remain as quiet as possible and pay attention only to the movie, trying to ignore the acoustic stimuli received by the earphone. [@BR0923or-8] [@JR0923or-9] [@JR0923or-27] [@JR0923or-31]

Mismatch negativity was searched with two pairs of stimuli, one consisting of verbal stimuli (da/ta) and the other by nonverbal stimuli (750 Hz and 1,000Hz). For all the subjects, the same order of presentation of the stimuli was followed, the nonverbal was first presented and then the verbal stimuli.

Speech stimuli are synthetic, not natural, and were produced by the SmartEP- Intelligent Hearing Systems. All the stimuli used were presented in alternating polarity and had durations of 5 ms for 750 Hz; 10 ms for 1,000 Hz; 206.2 ms for /da/, and 220.3 ms for the syllable /ta/. The velocity was 1.9 stimuli per second. [@JR0923or-32] The total number of stimuli presented was 750, of which 150 were rare stimuli, as suggested by the literature. [@BR0923or-8] [@JR0923or-9] [@JR0923or-33] The artifacts were controlled to not exceed 10% of the number of rare stimuli. [@BR0923or-34]

The intensity used was 60 dBnHL for the verbal stimuli and 70 dBnHL for the nonverbal, because when performing the MMN in 5 speech therapists who acted as judges in this criterion before starting the study, they verified that there was a difference in perception of intensity between the verbal and nonverbal stimuli, making necessary the application of different intensities, to leave the sense of equivalence as close as possible.

The MMN of all the subjects was captured and visualized on the computer to which the equipment was coupled, and then the latency of the valley was recorded, which was considered the most negative peak, [@JR0923or-33] [@JR0923or-35] [@JR0923or-36] [@JR0923or-37] present in the resulting pattern, obtained by the subtraction between the waves of response to the frequent stimuli and responses to the rare stimuli. [@JR0923or-16] [@JR0923or-28] [@JR0923or-32] [@JR0923or-38] [@JR0923or-39] Also, only MMNs were considered as the potential ones that occurred after N1, which was represented in the pattern of the frequent stimuli, as suggested by the literature, [@BR0923or-8] [@JR0923or-40] and only the valleys that were visualized in a latency up to 300 ms. [@JR0923or-39] [@JR0923or-41] [@JR0923or-42]

In the statistical analysis, the paired Student *t* -test was used to compare the means of N1 latency and MMN latency in each stimulus, and the analysis of variance (ANOVA) test was used to compare the difference found between the latencies of the potentials, with the different stimuli. Significant results were considered when *p* ≤ 0.05 with a 95% confidence interval.

Results
=======

[Table 1](#TB0923or-1){ref-type="table"} compares the latency found in the potential N1, visualized in the pattern of the frequent stimuli, with the latency found in the MMN potential, visualized in the pattern of the resulting wave, both verbal and nonverbal stimuli, according to their averages. A significant result is observed for the two stimuli, showing that there is difference between the two latencies, and that the MMN presented different latency means, which does not occur with N1.

###### Comparison between the average latency of N1 and the average latency of the mismatch negativity elicited with verbal and nonverbal stimuli

                        Latency   Average   Median   Standard deviation   CV      Min     Max     N     CI    *p* -value [@JR0923or-1]
  --------------------- --------- --------- -------- -------------------- ------- ------- ------- ----- ----- --------------------------
  da/ta                 N1        111.6     110.0    13.1                 12%     76.0    137.0   78    2.1   \< 0.001
  MMN                   211.9     233.0     56.3     27%                  100.0   299.0   78      8.8         
  750 Hz and 1,000 Hz   N1        100.4     101.0    15.7                 16%     71.0    134.0   73    2.5   \< 0.001
  MMN                   185.8     177.0     45.7     25%                  100.0   298.0   73      7.4         

Legend: CI, confidence interval; CV, coefficient of variation; Lat., latency; Min., minimum; Max., maximum; MMN, mismatch negativity; N, number of subjects.

T-Student test.

Then, [Table 2](#TB0923or-2){ref-type="table"} shows the comparison of latency mean of the difference between the two potentials, according to the sound stimulus used (verbal and nonverbal). It is possible to observe a statistically significant difference for latencies, wherein the verbal stimulus elicits a later MMN in relation to the N1, when observing the mean of the two stimuli.

###### Comparison of difference of latency between N1 and mismatch negativity elicited with different stimuli

  Difference N1-Lat.                           MMN da/ta   MMN 750 Hz and 1,000 Hz
  -------------------------------------------- ----------- -------------------------
  Average                                      100.4       85.5
  Median                                       118.0       79.0
  Standard deviation                           55.4        44.6
  CV                                           55%         52%
  Min                                          209.0       210.0
  Max                                          17.0        19.0
  N                                            78          73
  CI                                           8.7         7.2
  *p* -value [a](#FN0923or-5){ref-type="fn"}   \< 0.001    

Legend: CI, confidence interval; CV, coefficient of variation; Lat., latency; MMN, mismatch negativity; Min, minimum; Max, maximum; N, number of subjects.

Analysis of variance test.

Also, for clarity and understanding about the marking of potentials, a pattern performed with the da/ta stimuli is demonstrated in [Fig. 1](#FI0923or-1){ref-type="fig"} , and with stimuli of 750 Hz and 1,000 Hz in [Fig. 2](#FI0923or-2){ref-type="fig"} .

![Example of mismatch negativity marking elicited with the verbal stimuli da/ta.](10-1055-s-0039-1696701-i0923or-1){#FI0923or-1}

![Example of mismatch negativity marking elicited with nonverbal stimuli of 750 Hz and 1,000 Hz.](10-1055-s-0039-1696701-i0923or-2){#FI0923or-2}

Discussion
==========

In [Tables 1](#TB0923or-1){ref-type="table"} and [2](#TB0923or-2){ref-type="table"} , it can be observed that of the 90 participants, 78 elicited the MMN potential with the da/ta stimuli, and 73 with the 750 Hz and 1,000 Hz stimuli, demonstrating that the verbal stimuli were able to elicit a larger number of MMN, in the same individuals. It is not possible to know exactly what caused potential absences in some participants, but it is believed that this may have occurred because of some factors, such as attention to sound that has impaired the capture of the MMN and, thus, have demonstrated another representation of the discrimination of the stimuli; also by the methodology adopted, which did not consider MMN the valleys above 300 ms; and even by changes not captured by the behavioral tests, but that can be captured by the MMN as already evidenced by another study. [@JR0923or-43]

As for the greater number of individuals eliciting the MMN with the da/ta stimulus, it is believed that it may have occurred by the different brain response sites for the stimuli, because although this potential has its main origin in the cortex, the MMN elicited by stimuli that differ in frequency can be generated in the temporal and frontal lobes, mainly in the right hemisphere, [@BR0923or-14] and, when elicited by verbal stimuli, the MMN are usually originated in the left hemisphere of the temporal cortex. [@JR0923or-17]

Further, [Table 1](#TB0923or-1){ref-type="table"} also shows a statistically significant difference between N1 and MMN latencies for both verbal and nonverbal stimuli, with da/ta being the stimuli that provoked a higher latency in the potential, showing a statistically significant difference in relation to the stimulus of 750 Hz and 1,000 Hz, as shown in [Table 2](#TB0923or-2){ref-type="table"} . This data can also be clearly perceived when comparing [Figs. 1](#FI0923or-1){ref-type="fig"} and [2](#FI0923or-2){ref-type="fig"} .

The fact that there was a higher latency for the verbal stimuli, when compared with a nonverbal one, has also been observed in another study with LLAEP; however, it was for the P300 potential. The authors suggest that latency is sensitive to the task processing demand, and in the case of verbal stimuli, as they demand a more complex listening when compared with the discrimination of nonverbal stimuli, they cause an increase in their latency. [@JR0923or-20]

Still in relation to the stimuli of da/ta, as the participants needed to keep their attention focused on another activity (to watch a movie), and not in the auditory stimuli while they were evaluated, they reported that it was more difficult not to pay attention to the verbal sound stimuli, which was already expected due to the difference in sensation, being greater for the verbal stimuli, even at a lower intensity than the nonverbal one, due to the linguistic load that this type of stimuli presents, being a speech sound and being part of the routine of the subjects. This information further highlights the need for the use of low-contrast stimuli, as reported in the literature, [@JR0923or-11] [@JR0923or-27] [@JR0923or-44] since the more subtle differences allow the evaluated subject to maintain attention in the desired activity, such as watching a movie, and not on the sound stimuli, thus making the response of potential more present and reliable. However, even with these reports, it was the stimuli of the da/ta that elicited most of the MMN, reinforcing the idea that the site of brain response may have influenced. [@BR0923or-14]

The valleys marked in the patterns of this study were those that fit within the latency stipulated in the methodology, even if there was the presence of another negative valley, as shown in the example of [Figure 3](#FI0923or-3){ref-type="fig"} , cases that are often cause of doubts at the moment of potential marking. There was also no retest in the subjects who did not present MMN, or replication to confirm the potential, since this could cause fatigue, and it was verified that the muscular tension of sitting for a long time interfered in the pattern, as well as in the MMN capture, which remained compromised in those subjects who took the test with sleep, since they were instructed not to sleep and watch the movie without sound.

![Example of mismatch negativity marking elicited with nonverbal stimuli of 750 Hz and 1,000 Hz with the presence of two negative valleys in the resulting wave.](10-1055-s-0039-1696701-i0923or-3){#FI0923or-3}

Regarding the average latency found, this study agrees with the results already obtained in another research [@JR0923or-41] regarding the nonverbal stimuli, in which a mean latency of 193.13 ms was observed for different frequencies; in the current study, similar results were found, with a mean latency of 185.8 ms. Also, the study cited used nonverbal stimuli that differed in duration and found an even greater value, that being 230.63 ms. Thus, it is observed that there are differences in latencies of the potentials according to the characteristics of the stimuli, since even though they were two nonverbal stimuli, they presented different latency values, which reinforces the idea that each exam should be carefully analyzed, since several factors influence the results, such as equipment and type of stimuli, that should interfere in the correct marking of the potential.

The mean latency found in the da/ta and 750 Hz and 1,000 Hz stimuli was observed where traditionally the MMN valley is found, as already mentioned in many studies with these and other types of stimuli, which is between 100 and 250 ms or between 150 and 275 ms. [@JR0923or-5] [@BR0923or-6] [@JR0923or-13] [@JR0923or-29] [@JR0923or-37] [@BR0923or-45] [@OR0923or-46] However, it is observed in [Table 1](#TB0923or-1){ref-type="table"} that the minimum value found for the two stimuli are in agreement with the literature and the maximum value a little beyond the already reported values. This fact can be due to the differences that exist between the multiple equipments that exist in the market.

The greatest evidence that this study wanted to demonstrate was the time of occurrence of MMN after N1, to help in the marking of this potential and encourage the inclusion of it in the clinical routine. Therefore, to obtain this mean value of difference between the two potentials, the comparison shown in [Table 2](#TB0923or-2){ref-type="table"} was performed, so that it can be used as a guide when marking the MMN according to the type of stimuli to be used. Therefore, according to this analysis, the marking of the wave elicited by the da/ta stimuli will occur generally around 100.4 ms after N1 and, around 85.5 ms after N1 when elicited by 750 Hz and 1,000Hz in the SmartEP equipment. This greater difference with the verbal stimulus is justified by the fact that MMN occurs later when this type of stimulus is used, as already mentioned. The difference in the acoustic pattern for verbal and non-verbal stimuli suggests that the processing of these two types of stimuli by the central auditory nervous system occur differently. [@BR0923or-14] [@JR0923or-36]

Conclusion
==========

The time of occurrence of MMN after the N1 elicited with verbal stimuli was 100.4 ms and with nonverbal stimuli, it was 85.5 ms. Thus, the marking of the MMN with verbal stimuli proved to be more distant from N1 compared with the nonverbal stimuli.
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